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|dentify scan sequence to be employed

112 Perform table lookup and identify pulse
pattern to match scan sequence

114 Acquire scan data using identified scan
seguence and pulse pattern

116 Output reduced-SAR image of scan
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SAR REDUCTION IN PARALLEL
TRANSMISSION BY K-SPACE DEPENDENT
RF PULSE SELECTION

FIELD OF THE INVENTION

The present innovation finds particular application 1n mag-
netic resonance 1maging (MRI) systems. However, 1t will be
appreciated that the described techniques may also find appli-
cation 1n other 1imaging systems, other magnetic resonance
scenarios, other image data collection techniques, and the

like.

BACKGROUND OF THE

INVENTION

Parallel transmission in MR1 systems has become a topic of
considerable interest during the last few years. The use of
multiple individual radio frequency (RF) transmit coils 1s
used to overcome B, homogeneity limitations and to improve
multi-dimensional RF pulses by shortening their duration. Of
special concern 1n all these transmit applications 1s the spe-
cific absorption rate (SAR), which has to be kept below cer-
tain limits to avoid excessive patient heating. Different
approaches have been discussed to reduce SAR in parallel
transmission. The degree of freedom in RF pulse design
allows selection of solutions with minimal SAR, e.g. via
regularization techniques helping to enforce low SAR. Fur-
thermore, the interplay between k-space trajectory and RF
wavelorm can be used for SAR reduction (e.g., such as in a
variable rate selective excitation, or VERSE, technique). The
optimal RF pulse thus obtained 1s then used for the corre-
sponding MR scan. In that respect, the parallel transmission
RF pulse 1s optimized almost independently from the MR
signal sampling process. The SAR limitation, particularly at
high fields, 1s a serious problem in MR.

The present application provides new and improved sys-
tems and methods for reducing SAR 1n MR examinations,
which overcome the above-referenced problems and others.

SUMMARY OF THE INVENTION

In accordance with one aspect, a method of acquiring MR
data with reduced specific absorption rate (SAR) comprises
applying a magnetic resonance sequence in which atleast one
RF pulse i1s repeatedly applied to generate MR scan data
during an MR acquisition scan using two or more transmit
coils, altering a composition of the repeatedly applied RF
pulse such that the RF pulse causes lower SAR 1 some
repetitions than 1n others, and acquiring the MR scan data in
k-space.

In accordance with another aspect, a magnetic resonance
system for reducing specific absorption rate (SAR) comprises
two or more transmit RF coils, an RF pulse generator, and a
processor that controls the RF pulse generator to apply an MR
scan sequence with at least one repeatedly applied RF pulse.
The processor additionally selects from among at least two
pre-generated versions of the repeatedly applied RF pulses,
cach version exhibiting a different SAR, with different fre-
quency components. Moreover, the processor supplies the RF
pulse generator with higher frequency versions of the repeat-
edly applied RF pulse when acquiring MR data from a {first
region ol k-space and lower frequency versions of the repeat-
edly applied RF pulse when acquiring MR data from a second
region of k-space, and processes the MR data. The system
turther 1includes a display that displays the processed MR
data.
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2

One advantage 1s that the total SAR for the entire scan 1s
reduced.

Another advantage 1s that image quality 1s improved or at
least maintained.

Still turther advantages of the subject innovation will be
appreciated by those of ordinary skill 1n the art upon reading
and understand the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are only for purposes of 1llustrating various
aspects and are not to be construed as limiting. Corresponding
reference numerals when used 1n the various figures represent
corresponding elements in the figures.

FIG. 1 illustrates a system that facilitates reducing SAR 1n
multi-transmit MRI devices by varying RF pulses during an
acquisition scan as a function of k-space location.

FIG. 2 1llustrates a graph of arelationship between the SAR
of an RF pulse and 1ts overall accuracy and/or performance.

FIG. 31llustrates an excitation readout for a local excitation
using a 2D spatially selective RF pulse on a four channel
parallel transmit system.

FIG. 4 illustrates a representation of signal excitation for
individual lines in k-space performed using a class of RF
pulses differing in their spatial definition.

FIG. S1llustrates a circular segment shaped arrangement of
different arecas 1mn a 2D sampling k-space. Eight different
parallel-transmit RF pulses are pre-calculated and applied, if
the corresponding phase encoding step k, k,, 1s measured.

FIG. 6 shows coil sensitivities for eight transverse B, coils
in an eight-channel transmit coil.

FIG. 7 shows the corresponding Eigen-modes of the eight-
channel coil arrangement.

FIG. 8 illustrates a method for reducing SAR 1n a multi-
channel transmit coil MRI device, 1n accordance with one or
more aspects described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 1llustrates a system 10 that facilitates reducing SAR
in multi-transmit MRI devices by varying RF pulses during
an acquisition scan as a function of k-space location. For
example, RF pulses are designed with a preselected spatial
definition. Pulses with higher spatial definition give more
accurate images, but have a higher SAR. By using RF pulses
with the standard spatial definition for the sequence 1n some
regions of k-space and a reduced spatial definition 1n others,
the overall SAR for the sequence 1s reduced. For instance,
higher spatial definition pulses are used 1n the low frequency
portions of k-space and lower spatial definition pulses are
used 1n the high frequency regions of k-space, but also other
assignments are possible. Particularly in MR scanners with
multiple independently operated RF transmitters, there 1s
more tlexibility to design B, shimming pulses. This flexibility
1s employed by the described systems and methods to adjust
also the B, shimming in accordance with the k-space region to
reduce the overall SAR of a sequence.

The system 10 includes an MR device or scanner 12 that 1s
coupled to a processor 14, a memory 16 (e.g., a computer-
readable medium), and a display 18 on which information 1s
displayed to a user. The memory stores, and the processor
executes, one or more computer-executable 1nstructions for
performing the various functions described herein. It will be
appreciated that the memory, processor, and/or the display
may be separate from or integral to the MR device 12.

The MR device 12 includes an RF pulse generator 20 that
generates radiofrequency (RF) B, pulses, each configured as
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instructed by the processor. The MR device also includes a
multi-channel transmitter (MCTx) 22 that transmits the RF
pulses over multiple channels. The memory 16 stores an RF
pulse lookup table (LUT) 24, which includes a plurality of
pre-generated RF pulse patterns cross-referenced to specific
locations in k-space. The LUT 24 1s accessed by the processor
during an MR acquisition scan to 1dentily specific RF pulses
to be generated by the RFPG 20 and transmuitted by the MCTx
22 1n a specific sequence or pattern as respective regions of
k-space are scanned. According to another aspect, the RF
pulses are pre-calculated, stored to the LUT 24, and recalled
as needed. K-space data 26 detected during the scan 1s stored
to the memory 16. In a multi-channel MR system, there 1s
usually a plurality of independent RF coils, each driven inde-
pendently by a corresponding RF transmitter or a channel of
the multi-channel transmitter 22.

The memory stores a normalized root mean square error
(NRMSE) calculation algorithm 28, which 1s executed by the
processor to estimate the performance of one or more variable
RF pulse sequences or schemes, with respect to an acquisition
scan using a fixed optimal RF pulse at infinite SNR. For a
grven NRMSE, the processor compares the average SAR for
the Figen-mode using different or variable RF pulses ina scan
(SAR,) versus a fixed RF pulse mode (SAR,). Shimming
algorithms 30 are also stored in the memory 16 and executed
by the processor 14 to adjust B, shimming depending on the
region of k-space. For instance, one or more Eigenmodes 1s
used to shim the B, field when acquiring scan data for the
high-frequency (peripheral) regions of k-space, while single
central Eigenvalues are used to shim the B, field when acquir-
ing data for low-frequency (central) regions ol k-space. How-
ever, 1t will be appreciated that other schemes are concervable
as well.

The memory stores transmit coil sensitivity data 32 for a
multi-element coil 1n the MR device 12, which information 1s
analyzed by the processor 14. For instance, coil sensitivity
information for each coil 1s decomposed 1nto the respective
Eigenmodes 34. Based on the desired accuracy level, differ-
ent numbers of Figen-modes are considered for RF shim-
ming. In this manner, the processor selects an appropriate
shimming algorithm 30 for achieving a desired SAR at a
given region of k-space.

The memory additionally stores one or more reconstruc-
tion algorithms 36 (e.g., computer-executable instructions)
that the processor executes to reconstruct the acquired
k-space data 26 into an SAR-reduced MR 1mage 38.

Parallel transmission, which 1s effected by the MCTx 22, 1s
an elficient approach to improving B, transmit field homoge-
neity 1 high field MRI (e.g., greater than 3T) or to accelerate
sophisticated multi-dimensional RF pulses. One problem
associated with classical high field applications 1s the limiting
specific absorption rate (SAR). The system 10 facilitates SAR
reduction in the MR device 12, which employs parallel trans-
mission techmiques. Different areas in the sampled k-space of
a magnetic resonance imaging scanner (MRI) or MR spec-
troscopy scanner (MRS) data acquisition exhibit different
sensitivities to signal imperfections.

In multi-channel transmit scanners, each B, pulse 1s a con-
catenation of a B, component from each of the channels. By
adjusting the relative configuration of each channel, differ-
ently-configured but “like” or similar RF pulses can be cre-
ated. For example, 1n a spin-echo sequence, 180° 1version
pulses are repeatedly applied. Instead of using a single type or
fixed RF pulse for the entire image acquisition, the system 10
uses differently-configured RF pulses 1n a k-space-dependent
manner, e.g. differently-configured 180° pulses. Each of
these differently configured like RF pulses may exhibit a
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4

different performance (e.g., accuracy, k-space trajectory,
channel amplitudes, phases, employed B,-channels, etc.)
resulting 1n a different SAR value. By using lower SAR RF
pulses for some pulses of the scan, the average SAR over a
single scan using differently-configured RF pulses can thus
be reduced as compared to a scan that employs identically
configured RF pulses, without sacrificing significant image
quality. This concept may also be applicable to RF shimming,
refocusing RF pulses, and to other magnetization preparation
RF pulses used to tailor the longitudinal magnetization before
signal sampling. The latter also includes RF pulses that are
not spatially selective, but for instance, are chemical shift
selective pulses. In this case the corresponding class of RF
pulses to be used can differ in that respect.

FIG. 2 illustrates a graph 50 of a relationship between the
SAR of an RF pulse and 1ts overall accuracy. High definition
RF pulse performance corresponds to high SAR. In the
described systems and methods, RF pulse design 1s consid-
ered 1n relation to the signal sampling process. One consid-
cration of this approach 1s that different areas 1n k-space show
different sensitivities to signal imperfections (see, e.g., Fud-
erer M. IEEE TMI 1988: 7:368-80; van Vaals J. et al. IMRI
1993; 3:671-75; Weiger M et al. MRM 1997; 38:322-33)
which 1s known from key-hole imaging (see, e.g., van Vaals J.
et al. IMRI 1993; 3:671-75) and motion adapted gating (see,
e.g., Weiger M etal. MRM 1997;38:322-33). Thus, instead of
using a fixed RF pulse configuration for the entire MR scan,
two or more different configurations of the repeated RF pulse
are employed 1n a single scan. Each of these RF pulses may
exhibit a different performance and/or accuracy, resulting 1n
different RF pulse-specific SAR values. Thus, the RF pulses
may differ slightly 1n actual excitation pattern, B, waveform,
and/or k-space trajectory, etc. The average SAR over the scan
thus can be reduced compared to a scan that uses fixed RF
pulses, without sacrificing image quality.

FIG. 3 1llustrates excitation readout 60 for a local excita-
tion using a 2D spatially selective RF pulse. The readout
allows for 2D zoomed spin-warp imaging using four indi-
vidual transmit RF channels, labeled RF, (1), RF,(1), RF;(1),
and RF (1), respectively. G, and G, represent wavetforms for
orthogonal magnetic gradients, and ADC 1s the analog-to-
digital converter, showing when the device 1s active during
the sequence. It will be noted that for each k, an individual
RF pulse RF(1) can be used to optimize the average SAR of
the entire scan.

According to an example, a Cartesian spin-warp sampling
scheme 1s considered. A 2D RF excitation pulse 1s used for
localized MR, restricting the area from which the signal origi-
nates. Sampling 1s performed 1n a field of view (FOV) smaller
than the field of excitation (FOX) of the employed RF pulse.

FIG. 4 illustrates a representation 70 of signal excitation
tor individual lines 1n k-space performed using a class of RF
pulses differing in their spatial definition. An RF pulse pattern
given 1n the FOX 72 with sampling FOV 74 (dotted square)
included (left) corresponds to an 1maging k-space 76. The
color bar 78 indicates that RF pulses with different spatial
definitions are used for k,, sampling. The spatial definitions
RF (1), RF(2), RF,(3), RF (4), are realized by filtering the RF
pulse target magnetization by a Gaussian kernel (0.1-4.0 pixel
FWHM with respect to the sampling FOV) and calculating
the parallel transmit RF pulses according to Grissom et al.
(MRM 2006; 56:620-29), while estimating their correspond-
ing SAR (see, e.g., Graesslin I, et al. 2008; ISMRM 621). The
repeatedly applied RF pulse 1s created with different degrees
of spatial definition, hence different levels of SAR, from a low
definition RF (4) near the center of k-space to progressively
higher levels of spatial definition adjacent the edges of
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k-space. The mapping of the individual RF pulses to the
corresponding k-space location can be done empirically or
one can use the previously mentioned NRMSE calculation
algorithm. MR signal sampling may be performed assuming
a 128x128 matrnix. To determine which RF pulse 1s used to
generate the signal for a given phase encoding step k,, a trial
and error search may be made (e.g., by the processor 14 of
FIG. 1), taking into account the energy of the k-space repre-
sentation of the excitation pattern.

The use of differently-configured like RF pulses in a single
acquisition scan may result in data inconsistencies. There-
fore, a determination 1s made regarding whether a resulting
error 1s dominated by normal image noise or by artifacts
peaking out (1.e., exceeding values) of the noise floor. In one
example, a predetermined SNR (e.g., 15) may be assumed. To
judge the performance of the different RF pulse configura-
tions, a normalized root mean square error (NRMSE) 1s cal-
culated with respect to an acquisition scan using a fixed and
optimal RF pulse configuration at infinite SNR.

Table 1 provides exemplary data that 1llustrates the com-
promise between potential SAR reductions at the cost of a
slightly increased excitation error (NRMSE).

TABLE 1
Set NRMSE SAR., (%) SAR (%)
#0 0.18 / 100
#1 0.20 R4 91
#2 0.23 79 82
#3 0.24 61 76
#4, 0.25 52 69

For a given error (NRMSE), the average SAR values are
compared for the mode using different or variable RF pulse
configurations 1n a scan (SAR ) versus a fixed configuration
RF pulse mode (SAR /), employing the best RF pulse for the
entire scan. Greater SAR reduction 1s achieved when higher
errors are tolerated, which 1s dependent on the given and/or
expected signal-to-noise ratio (SNR). In case of a low SNR,
which corresponds to a larger NRMSE (see the 0.25 case in
Table 1, above), SAR 1s reduced by 33%. However, the exem-
plary scenario described above may not be optimal because
frequency encoding 1s mvolved, which can obscure the
results. Pure 2D phase encoding can thus be employed to
improve the eflicacy of the described techmiques. For
instance, this concept can be applied to refocusing RF pulses
and to magnetization preparation RF pulses of all types.

FI1G. 5 illustrates a circular ring arrangement 1n a 2D sam-
pling of k-space 80. In each ring 82, the RF pulse 1s config-
ured from different components (1.e., differently configured)
to cause different amounts of SAR. In case of RF shimming,
the same basic RF wave form and k-space trajectory can be
used for each RF pulse, but a set of different transmit ampli-
tudes and phases may be used for the individual channels 1n
the different k-space locations. The curve 84 schematically
indicates in a one-dimensional (radial) manner the number of
Eigen-modes used for shimming, 1.e. greatest shimming at the
center ol k-space with lesser shimming toward the periphery.

In one embodiment, two or more pulse configurations are
pre-computed for each type of pulse (e.g., by the processor 14
of FIG. 1) and stored (e.g., in the memory 16 of FIG. 1). For
instance, a computer program (€.g., stored in the memory 16
and executed by the processor 14) 1s provided, which selects
the corresponding RF pulse configurations or RF pulses
according to the k-space sampling step to be performed. In
addition to the different B,-wavetorms for the different RF
channels, 1f the k-space trajectory 1s also to be changed during
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scanning, 1t would be possible to have the corresponding
gradient wavelorms pre-stored and activated during the scan
as well.

To further facilitate understanding of the described sys-
tems and methods, the following example 1s provided, which
may be executed by the system 10 of FIG. 1. A 3D MRI scan
1s performed 1n a high field system. B, shimming 1s employed
to reduce the B, vanation caused by wave-propagation
elfects. On each RF channel, the same basic RF pulse wave-
form (e.g., a Sinc wavelorm for slice selection 1n the presence
of a selection gradient, or the like) i1s propagated, but the
amplitudes and phases (a,, ¢,) are different for the 1 different
channels to facilitate RF shimming. A number of different RF
shim sets (a,, ¢,) are calculated betore the scan, all differing in
the corresponding SAR and thus differing slightly in their B,
shimming performance.

In the corresponding 2D phase encoding space of the sam-
pling scheme, different regions are defined for which the
different RF shim settings are applied. In this particular
example, i the central part of k-space, low SAR settings are
employed, because here the low spatial frequencies are to be
acquired, justitying the use of RF shim settings neglecting
high spatial frequencies. For the higher phase encoding steps
in the k-space, RF shim settings with better spatial definition
but higher SAR are used. Without any knowledge about the
object to be scanned, a simple RF pulse application pattern 1s
used as given 1n FIG. 5. The curve 84 indicates the desired
number of coil specific modes, which are related to the spatial
accuracy and SAR of the RF pulse. It will be appreciated that
the described distribution 1s provided for illustrative pur-
poses, and 1s not to be construed 1n a limiting sense, and that
other distributions are conceivable 1n accordance with the
herein-described features and aspects.

To further this example, FIGS. 6 and 7 illustrate an Figen-
modes approach to mampulating the RF pulse performance
and correspondingly the SAR. FIG. 6 shows coil sensitivities
90 for eight transverse B, coils in an eight-channel transmait
coil, wherein the coils are respectively labeled coil 0-co1l 7.
FIG. 7 shows the Eigen-modes 100 for the eight-channel
transmit coil configuration, again respectively labeled as
E-Coil 0-E-Coil 7. It will be understood that that these Eigen-
modes can also be considered as virtual coils; accordingly, the
term “coil” 1s used 1n the description thereof with regard to
FIG. 7.

The transmit sensitivities of the multi-element coil can be
decomposed into their Eigen-modes. Based on the desired
accuracy level, different numbers of Eigen-modes are con-
sidered for RF shimming. The realization of each Figen-
mode 1s related to a specific RF power that corresponds to a
given SAR. However, other virtual coil decompositions may
be considered, which capture spatial transmit properties of
the array and which are related to SAR. Such decompositions
are also called “modes.” As the method 1s 1iteratively per-
formed, the currently highest Eigen-mode can be omitted and
a B, shimming problem solved using the remaining Eigen
modes to determine shimming coetficients (a,, ¢,) that exhibit
reduced SAR.

According to another example, a 2D RF pulse 1s used for
selective local excitation as described with regard to FIG. 3.
Additionally or alternatively, different ranges of pulse fre-
quency components are used to generate magnetization
preparation RF pulses 1n multiple-channel transmit systems.

FIG. 8 illustrates a method for reducing SAR 1n a multi-
channel transmit coil MRI device 12 (FIG. 1), 1n accordance
with one or more aspects described herein. At an identifica-
tion step 110, a scan sequence to be employed by the MRI
device (12) 1s 1identified. The scan sequence includes infor-
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mation describing an order of k-space data acquisition, such
as scanning peripheral (high-resolution) k-space and then
central (low-resolution) k-space, or vice-versa. At a lookup
table step 112, a table lookup 1s performed to i1dentily a
pre-generated pulse pattern that matches the 1dentified scan
sequence. The pulse pattern typically includes RF preparation
pulses, excitation pulses, and other magnetization manipula-
tion pulses. For each RF pulse, at least two different pulse
configurations are stored, e.g., a spatially accurate pulse con-
figuration with low and high frequency components, and a
spatially less-accurate pulse configuration with or without
reduced high frequency components. The higher-frequency
pulses are employed during acquisition of periphery k-space
data, and lower-frequency pulses are employed during acqui-
sition of central k-space data, although i1t will be appreciated
that other orders are contemplated and intended to be consid-
cred within the scope and breadth of the innovation as
described herein. For instance, 1 the identified scan sequence
acquires periphery k-space data followed by central k-space
data, then a pulse pattern that includes high frequency RF
pulses followed by low frequency RF pulses 1s 1dentified.

At a data acquisition step 114, the 1identified scan sequence
1s executed using the i1dentified pulse pattern to acquire MR
scan data. At an 1image output step 116, an SAR-reduced MR
image 1s output on a display (e.g., after reconstruction of the
acquired scan data, etc.). In this manner, variable RF pulses
are employed to reduce SAR 1n an MR 1mage.

According to another embodiment, B, field shimming 1s
performed to reduce SAR. For instance, one or more Eigen-
modes can be employed in a shimming algorithm when
acquiring periphery k-space data, while a single central
Eigenmode can be employed in the shimming algorithm
when acquiring central k-space data.

The components of a given RF pulse can be varied by
varying the relative contribution of the transmait elements of a
multi-transmit system, varying the frequency components, or
the like.

The mvention has been described with reference to exem-
plary embodiments. Modifications and alterations may occur
to others upon reading and understanding the preceding
detailed description. It 1s intended that the invention be con-
strued as including all such modifications and alterations
insofar as they come within the scope of the appended claims
or the equivalents thereof. In the claims, any reference signs
placed between parentheses shall not be construed as limiting
the claim. The word “comprising” does not exclude the pres-
ence of elements or steps other than those listed in a claim.
The word “a” or “an” preceding an element does not exclude
the presence of a plurality of such elements. The disclosed
method can be implemented by means of hardware compris-
ing several distinct elements, and by means of a suitably
programmed computer. In the system claims enumerating,
several means, several of these means can be embodied by
one and the same i1tem of computer readable software or
hardware. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

The mvention claimed 1s:

1. A method of acquiring MR data with reduced specific
absorption rate (SAR), comprising act of:

applying a magnetic resonance sequence 1 which at least

one RF pulse 1s repeatedly applied to generate MR scan
data during an MR acquisition scan using two or more
transmit coils;

altering frequency components of the repeatedly applied
RF pulse such that the RF pulse causes lower SAR 1n
some repetitions than 1n others;
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acquiring the MR scan data in k-space; and

shimming a B1 field using one or more Figenmodes when
acquiring periphery k-space data, wherein based on a
desired accuracy level, different numbers of Eigen-
modes are used for the shimming act; and

shimming the B1 field using a single central Eigenmode

when acquiring central k-space data.

2. The method according to claim 1, further including acts
of:

reconstructing the scan data into an 1image; and

at least one of displaying and storing the image.

3. The method according to claim 1, wherein the lower
SAR RF pulses have lower frequency components and the
other RF pulses further include higher frequency compo-
nents.

4. The method according to claim 1, wherein the compo-
nents of the repeatedly applied RF pulses 1include contribu-
tions from each of a plurality of transmit channels and
wherein the act of altering the frequency components of the
repeatedly applied RF pulse includes altering a weighting
among the contributions and the RF pulse k-space trajectory.

5. The method according to claim 3, wherein the high
frequency RF pulses are at least two-dimensional RF pulses.

6. The method according to claim 1, wherein the RF pulses
are magnetization preparation RF pulses employed in a mul-
tiple-channel transmit system.

7. The method according to claim 1, wherein the repeatedly
applied RF pulses with lower SAR have a lower spatial reso-
lution, and repeatedly applied pulses with higher SAR have a
higher spatial resolution.

8. A multi-transmit channel MRI device including:

an RF pulse generator that generates different versions of

repeatedly applied RF pulses; and

a processor configured to:
apply a magnetic resonance sequence in which at least
one RF pulse 1s repeatedly applied to generate MR
scan data during an MR acquisition scan using two or
more transmit coils;
alter frequency components of the repeatedly applied
RF pulse such that the RF pulse causes lower SAR 1n
some repetitions than in others; and
acquire the MR scan data 1n k-space; and
shimming a B1 field using one or more Figenmodes when
acquiring periphery k-space data, wherein based on a
desired accuracy level, different numbers of Eigen-
modes are used for the shimming act; and

shimming the B1 field using a single central Eigenmode

when acquiring central k-space data.

9. A non-transitory computer readable medium comprising,
computer instructions which, when executed by a processor,
configure the processor to perform a method of acquiring MR
data with reduced specific absorption rate (SAR), comprising
act of:

apply a magnetic resonance sequence 1n which at least one

RF pulse 1s repeatedly applied to generate MR scan data
during an MR acquisition scan using two or more trans-
mit coils;

alter frequency components of the repeatedly applied RF

pulse such that the RF pulse causes lower SAR 1n some
repetitions than 1n others; and

acquire the MR scan data in k-space; and

shimming a B1 field using one or more Eigenmodes when

acquiring periphery k-space data, wherein based on a
desired accuracy level, different numbers of Eigen-
modes are used for the shimming act; and

shimming the B1 field using a single central Eigenmode

when acquiring central k-space data.
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10. A magnetic resonance system for reducing specific
absorption rate (SAR), the system including:

two or more transmit RF coails;

an RF pulse generator;

a processor configured to:

control the RF pulse generator to apply an MR scan
sequence with at least one repeatedly applied RF
pulse;

select from among at least two pre-generated versions of
the repeatedly applied RF pulses, each version exhib-
iting a different SAR, with different frequency com-
ponents;

supply the RF pulse generator with higher frequency
versions ol the repeatedly applied RF pulse when
acquiring MR data from a first region of k-space and
lower frequency versions ol the repeatedly applied RF
pulse when acquiring MR data from a second region
of k-space;

shim a B1 field using one or more Eigenmodes when
acquiring periphery k-space data, wherein based on a
desired accuracy level, different numbers of Eigen-
modes are used for the shimming act; and

shim the B1 field using a single central Eigenmode when
acquiring central k-space data;

process the MR data; and

a display configured to display the processed MR data.

11. The system according to claim 10, wherein the RF coil
includes a plurality of RF transmit coils, each RF coil being
connected with a corresponding RF pulse generator, and
wherein the high frequency RF pulses are at least two-dimen-
sional RF pulses.

12. The system according to claim 10, wherein the first
region ol k-space 1s one of a central region of k-space and a
peripheral region of k-space, and wherein the second region
of k-space 1s the other of the central region of k-space and the
peripheral region of k-space.

13. The method of claim 1, wherein the frequency compo-
nents determine spatial definition of the RF pulses, wherein
the frequency components of the repeatedly applied RF
pulses include contributions from each of a plurality of trans-
mit channels, wherein the act of altering the frequency com-
ponents of the repeatedly applied RF pulse includes altering a
weighting among the contributions and the RF pulse k-space
trajectory, and wherein the weighting comprises different
amplitudes and phases for each of the plurality of transmuit
channels.

14. The multi-transmit channel MRI device of claim 8,
wherein the frequency components determine spatial defini-
tion of the RF pulses, wherein the frequency components of
the repeatedly applied RF pulses include contributions from
cach of a plurality of transmit channels, wherein the processor
alters the frequency components of the repeatedly applied RF
pulse by altering a weighting among the contributions and the
RF pulse k-space trajectory, and wherein the weighting com-
prises different amplitudes and phases for each of the plural-
ity of transmit channels.

15. The non-transitory computer readable medium device
of claim 9, wherein the frequency components determine
spatial definition of the RF pulses, wherein the frequency
components of the repeatedly applied RF pulses include con-
tributions from each of a plurality of transmit channels,
wherein the act of altering the frequency components of the
repeatedly applied RF pulse includes altering a weighting,
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among the contributions and the RF pulse k-space trajectory,
and wherein the weighting comprises different amplitudes
and phases for each of the plurality of transmit channels.

16. The magnetic resonance system of claim 10, wherein
the frequency components determine spatial definition of the
RF pulses, wherein the frequency components of the repeat-
edly applied RF pulses include contributions from each of a
plurality of transmit channels, wherein the processor alters
the frequency components of the repeatedly applied RF pulse
by altering a weighting among the contributions and the RF
pulse k-space trajectory, and wherein the weighting com-
prises different amplitudes and phases for each of the plural-
ity of transmit channels.

17. The method according to claim 1, wherein the repeat-
edly applied RF pulses with higher frequency components are
used to acquire the MR scan data in a periphery region of
k-space, and the RF pulses with lower frequency components
are used to acquire the MR scan data in a central region of
k-space.

18. The method according to claim 1, wherein the repeat-
edly applied RF pulses with higher frequency components are
used to acquire the MR scan data 1mn a central region of
k-space, and the RF pulses with lower frequency components
are used to acquire the MR scan data 1n a periphery region of
k-space.

19. The multi-transmit channel MRI device according to
claim 8, wherein the repeatedly applied RF pulses with higher
frequency components are used to acquire the MR scan data
in a periphery region of k-space, and the RF pulses with lower
frequency components are used to acquire the MR scan data
in a central region of k-space.

20. The multi-transmit channel MRI device according to
claim 8, wherein the repeatedly applied RF pulses with higher
frequency components are used to acquire the MR scan data
in a central region of k-space, and the RF pulses with lower
frequency components are used to acquire the MR scan data
in a periphery region of k-space.

21. The non-transitory computer readable medium accord-
ing to claim 9, wherein the repeatedly applied RF pulses with
higher frequency components are used to acquire the MR
scan data 1n a periphery region of k-space, and the RF pulses
with lower frequency components are used to acquire the MR
scan data in a central region of k-space.

22. The non-transitory computer readable medium accord-
ing to claim 9, wherein the repeatedly applied RF pulses with
higher frequency components are used to acquire the MR
scan data 1n a central region of k-space, and the RF pulses
with lower frequency components are used to acquire the MR
scan data 1n a periphery region of k-space.

23. The magnetic resonance system according to claim 10,
wherein the repeatedly applied RF pulses with higher fre-
quency components are used to acquire the MR scan datain a
periphery region of k-space, and the RF pulses with lower
frequency components are used to acquire the MR scan data
in a central region of k-space.

24. The magnetic resonance system according to claim 10,
wherein the repeatedly applied RF pulses with higher fre-
quency components are used to acquire the MR scan dataina
central region of k-space, and the RF pulses with lower ire-
quency components are used to acquire the MR scan dataina
periphery region of k-space.
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